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_________________________________________________________________________________________ 
 
Abstract  Zinc-pyrithione is widely used as a topical agent.  It may be likely that zinc-pyrithione possesses 
unique cytotoxic action because zinc exerts diverse actions on process of cell death.  In this study, we examined 
the cytotoxicity of zinc-pyrithione on human leukemia K562 cells in order to examine the possibility of hormetic 
action.  Zinc-pyrithione at concentrations ranging from 0.3 µM to 3 µM induced diverse actions on K562 cells.  
The agent at 0.3 and 1 µM significantly inhibited spontaneous occurrence of cell death during 72 h incubation 
while it was not the case for 3 µM.  Significant decrease in population of shrunken cells was observed when the 
concentrations of zinc-pyrithione were 0.3 and 1 µM.  Cell growth was significantly inhibited by 1 and 3 µM 
zinc-pyrithione, but not by 0.3 µM.  Although the inhibition of cell growth by zinc-pyrithione was 
concentration-dependent, the inhibition of spontaneous cell death was observed only at lower concentrations (0.3 
and 1 µM) of zinc-pyrithione.  Results suggest that zinc-pyrithione possesses diverse actions, including 
hormetic action, on proliferative cells. 
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1. Introduction 
 
   Zinc-pyrithione is a topical agent in a range of 
medicinal and cosmetic applications (Fredriksson and 
Faergemann, 1983; Marks et al., 1985; Guthery et al, 
2005).  Despite its extensive use, the information 
concerning potential toxicity to mammalian cells is 
very limited.  Zinc-pyrithione increases intracellular 
Zn2+ concentration in several types of cells (Kim et al., 
1999; Rudolf and Cervinka, 2010; Lamore and 
Wondrak, 2011).  Intracellular Zn2+ inhibits and 
promotes the process of cell death (Fraker and Telford, 
1997; Truong-Tran et al., 2000, 2001).  Therefore, it 
is presumably suggested that zinc-pyrithione exerts 
unique cytotoxic action such as hormetic action.  In 
this study, we examined the cytotoxicity of 
zinc-pyrithione on human leukemia K562 cells in 
order to examine the possibility of hormetic action. 
 
 
2. Materials and methods 
 
2.1. Chemicals 
   Zinc-pyrithione was purchased from Wako Pure 
Chemicals (Osaka, Japan).  Propidium iodide was a 
product of Molecular Probes Inc. (Eugene, USA).  
Other agents were obtained from Sigma Chemical Co. 
(St. Louis, USA). 
 
2.2. Cell preparation and experimental protocol 
   Human leukemia K562 cells were cultured in the 
24 wells of Falcon tissue culture plates placed in a 
CO2 incubator (Sanyo, Tokyo) at a temperature of 
37°C.  Each well contained 2 mL of RPMI 1640 
medium with glutamine (300 mg/L) and 10 % fetal 
bovine serum (Dainippon Pharmaceutical Co. Ltd., 
Osaka). 
   Zinc-pyrithione was initially dissolved in 
dimethyl sulfoxide (DMSO).  The DMSO solution 
containing zinc-pyrithione at different concentrations 
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was added to the cell suspensions (2 mL) at 1–2 h 
after the commencement of incubation, and the 
incubation with the agent was continued for next 72 h.  
The final concentration of DMSO was 0.1 % in the 
cell suspension. 
 
2.3. Analysis on cytotoxicity 
   Cytograms (forward scatter intensity versus side 
scatter intensity) were obtained from K562 cells by 
flow cytometer (Cyto-ACE150, JASCO, Tokyo).  
Cell growth (cell proliferation) and lethality were 
simultaneously estimated (Chikahisa et al., 1998).  
The number of cells counted during a programmed 
time of 30 sec by a flow cytometer indicates cell 
density (cell growth) since the number is correlated to 
that estimated by an erythrocytometer with a 
coefficient of 0.98.  Cell lethality was estimated 
from the percentage population of cells stained with 5 
µM propidium iodide to total cells.  Since propidium 
iodide, a dye highly impermeant to intact plasma 
membranes, is unable to stain living cells, K562 cells 
exerting propidium fluorescence are presumably dead 
and/or have compromised membranes.  The 
fluorescence was measured at 2 min after adding 
propidium iodide to the cell suspension.  The 
excitation wavelength for propidium was 488 nm.  
Emission was monitored at wavelength of 600 ± 20 
nm.   
 
2.4. Statistical analysis 
   Statistical analysis was performed by using 
Tukey’s multivariate method.  A P value of < 0.05 
was considered significant.  Values were expressed 
as mean ± standard deviation (S.D.) of four 
experiments. 
 
 
3. Results 
 
3.1. Effect of zinc-pyrithione on growth of K562 cells 
 
  The number of K562 cells counted during a 
programmed time by a flow cytometer after 72 h 
incubation was 3668 ± 141 under control condition 
while it was 182 ± 22 before the start of incubation.  
In the presence of 0.1 % DMSO (a solvent for 
zinc-pyrithione), the number was 3743 ± 231 that was 
similar to the control (without DMSO).  The result 
indicates no effect of 0.1 % DMSO on the cell growth.  
The 72 h incubation of cells with zinc-pyrithione at 
concentrations ranging from 0.03 µM to 0.3 µM did 
not significantly affect the number of cells.  
However, in the cases of 1 µM and 3 µM 
zinc-pyrithione, the numbers of cells were 
respectively 1399 ± 203 and 493 ± 85, indicating the 
inhibition of cell growth by zinc-pyrithione.  Results 
are summarized in Fig. 1. 
 
 
 
Figure 1.  Effect of zinc-pyrithione on cell growth of K562 
cells during 72 h incubation.  The values at abscissa are 
relative to the control.  Column and bar indicate mean 
and S.D. of four experiments, respectively.  Symbol (**) 
indicates significant difference (P < 0.01) against both 
CONTROL and DMSO. 
 
 
3.2. Change in cell lethality of K562 cells by 
zinc-pyrithione 
 
   The cells counted by flow cytometer consisted of 
living and dead cells.  The percentage population of 
cells stained with propidium iodide indicates cell 
lethality.  As shown in Fig. 2, 19.7 ± 0.4 % of cells 
exerted propidium fluorescence under control 
condition.  In the case of incubation with 0.3 µM 
zinc-pyrithione, the population was 6.1 ± 0.3 % 
although the cell growth in the presence of 0.3 µM 
zinc-pyrithione was similar to the control (Fig. 1).  
However, the population was 19.7 ± 3.9 % after 72 h 
incubation with 3 µM zinc-pyrithione that greatly 
inhibited cell growth (Fig. 2).  Therefore, 
zinc-pyrithione at low concentrations (0.3 and 1 µM) 
seems to inhibit cell death that spontaneously occurs 
during the control incubation.  The results are 
summarized in Fig. 3.  Zinc-pyrithione at 0.3 and 1 
µM significantly reduced the lethality while it was 
not the case for other concentrations.   
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Figure 2.  Change in population of cells exerting 
propidium fluorescence by zinc-pyrithione.  The line 
under each histogram indicates the population of cells 
exerting the fluorescence, presumably the population of 
dead cells.  Each histogram was constructed with cells 
(3699, 3467, or 619) counted for a programmed time. 
 
 
3.3. Change in cell population of shrunken cells by 
zinc-pyrithione.  
 
   Zinc modifies the process of cell death (Fraker 
and Telford, 1997; Truong-Tran et al., 2000, 2001).  
Thus, zinc can promotes and inhibits cell death.  As 
shown in Fig. 4, the population of shrunken cells 
(area S of cytogram), one of common features in 
apoptotic cells, was 26.1 ± 0.7 % under control 
condition.  On the other hand, in the presence of 0.3 
µM zinc-pyrithione, it was 8.2 ± 1.3 %.  However, 
the population after the incubation with 3 µM 
zinc-pyrithione was 29.5 ± 5.3 %.  Thus, 0.3 µM 
zinc-pyrithione suppressed the increase in population 
of shrunken cells while it was not the case for 3 µM 
zinc-pyrithione.  The results are summarized in Fig. 
5.  Zinc-pyrithione at 0.3 and 1 µM significantly 
reduced the increase in population of shrunken cells 
while it was also not the case for other 
concentrations. 
 
Figure 3.  Dose-dependent change in cell lethality by 
zinc-pyrithione.  The value of abscissa is relative to the 
control.  Column and bar indicate mean and S.D. of four 
experiments, respectively.  Symbol (**) indicates 
significant difference (P < 0.01) against both CONTROL 
and DMSO. 
 
 
Figure 4.  Change in population of shrunken cells by 
zinc-pyrithione.  The line divides cells into two 
populations (normal cell population and shrunken cell 
population, N and S areas).  Shrunken cells are belonged 
to area S.  CONT: Control, ZP: Zinc-pyrithione. 
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Figure 5.  Dose-dependent change in population of 
shrunken cells by zinc-pyrithione.  The value of abscissa 
is relative to the control.  Column and bar indicate mean 
and S.D. of four experiments, respectively.  Symbol (**) 
indicates significant difference (P < 0.01) against both 
CONTROL and DMSO. 
 
 
4. Discussion 
 
   Zinc-pyrithione at 0.3 and 1 µM seems to 
suppress cell death that spontaneously occurs during 
72 h incubation (Figs. 2 and 3).  However, the cell 
lethality of cells incubated with 3 µM zinc-pyrithione 
was slightly high than that of control cells (Fig. 3).  
Thus, the agent at 3 µM may start to increase cell 
lethality.  The modification of process of cell death 
by zinc-pyrithione presumably suggests its hormetic 
action.  Zinc exerts diverse actions on the process of 
cell death (Fraker and Telford, 1997; Truong-Tran et 
al., 2000, 2001).  Therefore, it is not surprising that 
the compounds containing zinc induce such hormetic 
action.  Zinc-pyrithione at 0.3 and 1 µM reduced the 
population of shrunken cells (Figs. 4 and 5), one of 
parameters for apoptotic cells (Bortner and Cidlowski, 
1998, 2007).  Thus, zinc-pyrithione at 0.3 and 1 µM 
may inhibit the process of apoptosis in some cells, 
resulting in the decrease in cell lethality. 
   Zinc-pyrithione at 1 and 3 µM significantly 
suppressed the cell growth (Fig. 1).  In the case of 1 
µM, the inhibition by zinc-pyrithione was associated 
with the decrease in both cell lethality and population 
of shrunken cells (Figs. 2-5).  On the other hand, at 
3 µM, the cell lethality and population of shrunken 
cells were significantly higher than those at 0.3 and 1 
µM (Figs. 2-5).  This observation indicates that 
zinc-pyrithione possesses diverse actions with 
different concentration-dependent manners on 
proliferative cells. 
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